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MEMORANDUM

SUBJECT: The Effectiveness of Infrared Suppression Techniques in Reduc-
ing the Vulnerability of the F-4 Aircraft to the ATOLL Missile

Background

ved heat-seeking sir-to-
North Vietnam. It

as
a‘ta ~tht At rvm"

wWald e Ld

(8) The ATOLL is the most frequently cbser
alr missile in Communist-controlled countries suc
15 an accurate copy of the early Sidewinder, znd it
accurate sirulatlion are readlly availlable. This report is the fourth 1
a series describing countermeasures for the ATOLL.

£ D"

S

Findings

(s) A reduction of the infrared (IR) radiation of the F-L air-
craft can reduce ATOLL launch zones. However the only technique which
caused a significant reduction relied on a dispersive cloud of TiC,
particles to scatter the IR radiation.

R & D Implications

(s) TFurther studies of different scattering or absorption materials
and dispensing techniques are warranted because of their potentizl ef-
feetiveness for aircraft protection. Improved cooling of engine parts
and taillpipe liners beyond that studied at this time mey make signific-
ant reductions in ATOLL launch zones.

Recommended Actlon

(S) The development of materials and dispensing techniques for IR
scattering or absorption should be pursuved with a view to decreasing
the ATOLL launch zones. Concurrently, trade-off studies should be
undertaken to determine the costs of engine and tailpipe cooling versus
active IR countermeasures power requirements. The effects of each
technique upon engine and alrcraft performance should be studied

thoroughly.

(zw Z/ i

Clair M. Loughmllle*
Tactical Analysis Section
Ailrborne Radar Branch

. b AT
LR O THE
“onr RRD O TOA,

N LR DA |
ERICRIILRITE) B O .1 A




SECRET NOFORN

ABSTRACT (S)

Five IR suppression techniques were examined to determine their
effectiveness 1n reducing the vulnerability of the F-I aircraft to the
ATOLL missile. Two of these techniques, both using IR dispersive
clouds, significantly reduced ATOLL performance. ATOLL launch zones
are given for three non-maneuvering and tfour naneuvering tacticel
~onditions.

AUTHORIZATION

53D01-03
A05-510-112/652-1/W 16-140-02
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I. INTRODUCTICN

(C) The ATOLL (AA-2), a Soviet copy of the Sidewinder missile,
poses a significant threat to U.S. aircraft. One way of reducing the
ATOLL threat 1s to reduce its launch zone by reducing the target air-
craft's IR radistion in the ATOLL sccker bandpass. This report is a
study of the effectiveness of techniques for reducing the IR output
of the F-4 aircraft at military power.

(8) Several problems must be considered when attempting to de-
creanse the vulnerability of an aircraft to a missile. At altitudes
below 15K feet the ATOLL is aserodynamically limited while engeging an
F-4 on military power. In this case, to reduce the ATOLL launch zone
by reducing IR output of the aircraft, the IR output must first be
reduced to where the IR limlt equals the aerodynamic limit. TFurther
reduction of IR output must now be made to reduce the ATOLL launch zone.
The effect of these further reductions will follow the Inverse square
law, i.e., & four-fold reduction of IR energy output is required to
reduce ATOLL range by a factor of two.

. (U) A digital simulation of the ATOLL has been used to determine
the countermeasurcs effectlveness of IR reduction techniques developed
by General Electric (GE). The IR signatures estimated by GE are used
in the simulation. The results of many simulated trajectories are
combined to determine launch cones for the ATOLL for each IR signature
supplied by GE.

II. COMPUTER REPRESENTATION

(c) A four-degree-of-freedom model of the F-4 aircraft and z six-
degree-of -freedom model of the ATOLL have been constructed at the Naval
Research Laboratory (NRI). The thrust, drag, and lif{ charscteristics
of the F-I were included to assure realistic similation of mmneuvers.
The IR signature of the F-l, atmospheric attenuastion formulas, and ATOLL
detector sensltivity measurements were used to develop the IR signal
model. ATOLL tracking error data were combined with a Sidewinder 14
tracking model for the missile guidance characteristics. Sidewinder
1A gas servo performance data are included in the guidance and suto-
pllot model. Tables of acrodynamic moments, along with normzl and
axial forces, for the AIOLL are used in the computer program to caleul-
ate the mlssile response. Data ugsed in the development of the missile
model were supplied by Naval Weapon Center (WWC), China Loke. A full
description of the missile model and the F-U aerodymamic model ig
found in (1).

| BECRET KOPORG
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IITI. IR SUPPRESSION MOIDELS

A.  Suppression Techniques

{3} General Electric (Evendale, Ohio) has made theoretical studies
and ground measurements of possible IR suppression retrofits to the J-79-
10 and J-T9-17 engines used in the F-L. The effectc of centerbody
cooling, tallpipe cooling, and fuel and oil cloud generation on the IR
signal of the JT9 ure described in (2). Subsequent to (), GE sucgested
that a titanium dioxlde (T105) cloud would be highly effective In re-
delng the J79 IR emlssions. Also subsequent to %2), CE revised their
estimate of practical. component cooling from 1200°R to 1hO0°R wnd
revised the IR data nccordingly. These revised IR cignature estimetes,
as well as an estimate of the signature through a TiO, cloud, were uced
in this study.

(8) Tive suppression techniques were selected for comparison with
the standard (unmodified) engine. The models used in thic study are
1) the unsupprcosed J79, 2) a "TB08" oil cloud, 3) centerbody mnd tedl-
pipe cooled to 1400°R, 4) tail-pipe only cooled to 1UOO’R, 5) center-
body only cooled to lﬁOO°R, and 6) centerbody and tailripe cooled to
1400°R plus a titanium dioxide cloud. Model 1 was chosen as & reference
for each of the techniques. Model 2 was chosen because 1t reprecsentcs
a minimum of modification, development, and weight penalty. Models 3,
4, and 5 are covert techniques. Model 6 represents the best technique
for IR suppression used in this study.

B. Computer Model

(s) The IR signatures used.in the computer model are given in
Table 1. Since the data supplied by GE, (2), were for only cne JT79
engine, 1t was assumed that the total F-k emission would be twice that
for a single engine. Thus the data iIn Table 1 arc twice the values of
IR radiant Intensity given by GE. S5ince GE calculitlons are or the
total radiont Intensity in the 1.7 to 2.95 micron band, it is necegsary
to reduce these vnlues during the simmlation to account for the ATCIL':
spectral response in this band. Calculations show that the ATCLL rees
65% of the total energy of a blackbody in the 1.7 to 2.9% micron band
at normal JTO tallpipe temperaturc. The 35% signal loss was applied tc
the F-4 signatures of Table 1.

(U) Atmospheric attenuation of the signal is elso based cn normal
tailpipe temperature blackbody spectral characteristics. The bond poss
of the ATOLL secker ls broken into 0.1 micron intervals. This cnables
n more nccurnte caleuwlntlion of how tallpipe cnergy in the IR cpectrmum

is aLtenunted e n tanetlon of range. The caleulatlons, basced upon
o blackbody ol 950°K, were performed at several ranges and oltitudes.
The loss In deelbels 1s plven 1o Table . The asswmption off normal

2 SHORED MORGRE
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tallplpe temperature spectral respongse wos made necessary becuuse the
spectral characterictice of the vurious supprecsion techniguec were not
available. No tallpipe shieldlng effects were used in thls study.

IV. ANIOIL PERFORMANCE

A, Non-Maneuvering F-h

(¢) The non-maneuvering launch cnvelopes for the ATOLL engegling
an F-4 alrcraft with 3 altltude-speed combinations are given on Figures
1, 3, and €. “There are no arbitrary restrictions on the envelope.

That 15, I« missile is launched within the enveloype 1t will come
within &9 fect of the center of muss of the F-4. In hartitul r, no

criterion is used to judge whether or not the cnemy pilet -an tell if
the ATOLL ls capable of tracking the -4, Under cortoin conditions i

initial signal-to-nolse ratio of less than 2 i sufticient ror the ATOLL
to gulde successTully. There 1s som: quection whether the pilot can
detect such signal against typilcal background noice. Thus the overszll
system effectivencss envelopes may be significantly smellier thnn the
missile envelope presented here.

‘ (S) The envelopes on Figure 1 show that at 5K feet altitude the
. ATOLL is essentially aerodynamicully limited. Thus, only ot lrrge
angles off the V-4 tall (where the ATOLL is normally IR eneryy lindted)
are there slgnificant differences shown for the various suppression
techniques. The cituatlon 1s much the sare ot 15 K feet cleitule
except that the oll drop cloud has a marginal effectivenese. AL low
altitudes only the Ti0p cloud significantly reduces ATULL leuncl
envelopes.  The reductions of the launch vone aren due o the 40
cloud as shown on Plgures 1 and 3 are about 75% and #4457 recieciively.

(SNF) At 30K feet, as shown on Figure 6, the cil drop ciocud ic
falrly effective and the Ti0s cloud 1s very effective. The component
cooling techniques were not sipgnificantly eftfective in the non-noneus -
ering target situations. Thus the moderate emoling: ncswmed in the IR
models used in this study does not provide a useful covert IR
technique. iowever, such cooling may be useful in conjunciion wiih
pulsed jammers, csince it permits lower power IR t‘anunittcr:. The
Ti0p cloud is very cffective if it can be generated betfore the ATOIL
Lo launohcd This implles elther n technique to worn the ¥-i when n
ATOIL attack 1o ilmminent, or a continuous generation ot the cloud.
The ~loud is likely to be highly visible in daylight :nd thuc io
unsultable for uwse except when the F-Ib i wnder ATOLL nitack.

B Maneuver bng -l

(G} As shown In Flgares 2, %, 5 and 7, the ATOLL launch -once
nre reduced simitlenntly by maneuvers ~f the #w-h, However, —nly the
TIO, clomd sthimiticenntly reduces the cire o0 the mowuveringe & -4 )

Best Available Copy 3 SECRET 0P R
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ATOLL launch envelopes under all conditions studled. The oil cloud

1s effective at 30K feet altitude but relatively ineffective at lower
altitudes. The use of TiO, in air combat maneuvering situations may be
valuable. Although the cloud trail would be useful to the enemy for
acquisition and tracking, it is poseible that he might not be able to
press a successful attack into the more restricted launch zones.

V. CONCLUSIONS

1. (S8) The component-cooling models which were studicd are inef-
fective ATOLL countermeasures.

2. (S) A cloud of T10, particles has significant countermeasure
potential. '

VI. RECOMMENDATIONS

1. (C) Studles or tests to determine the minimum signal that may
be detected by the pilot of the ATOLL aircraft should be initiated.

2. (8) Instrumented flight tests to determine the IR suppression
characteristics of T102 (or similar) clouds should be initiated.

3. (SNF) Detailed studies to determine the usefulness of com-
ponent cooling in conjunction with pulsed IR jammers should be initiated.

AT eeTIIT oaritynTaes
Wi L R ‘\ N
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TABLE 1 (8)

F-4 Infrared Radiant Intensity (twice J79 Intensity)
in 1.7-2.95 Micron Band (watts/steradians)

Angle off IR Model Number

Altitude engine axis 1 o 3 L 5 G
deg.

0 59 L h48 | 59k LLE 16

5 820 5L 698 818 £90 22

10 876 | 58 | 805 85 839 ag

5K Tt 25 boh 1152 | 292 | #92 | Lok k5

b3 90 | 130 90 90 90 €5

60 Lo Lo Lo Lo 10 20.

90 20 54 20 20 20 17

0 HbLe 48 L7l €Ly L7€ 18

‘ 5 876 58 | 733 | 87k | 733 2k

10 930 60 857 902 871 28

15K ft 25 516 158 306 306 516 L7

45 56 130 56 56 56 (5

60 Ly Lo Ly L Ll 20

90 20 34 ) 20 20 20 17

0 526 Lo %85 526 285 15

72k L8 6oL 123 605 <0

10 772 50 T1A Th7 TLo 2L

30K ft 25 412 126 2l5 2Ly M1l 38

Ls Lo 130 L2 bo 2 (5

60 32 Lo 32 32 30 20

90 20 3l 20 20 20 17

6 SECRET NOFORN
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Blackbody -850°K) IR Atmospheric Attenuation
in the ATOLL Bandpess (decibels)

Table 2 (U)

A%;ig\éde Range (ft)

1,000 3,000 6,000 12,000 24,000

0 2.33" 3.66 lh.ls 4,51 4,91
10 1.70 . 2.hs5 2.95 3.51 3.99
20 0.89 1.32 1.70 2.22 2.69
30 0.35 0.65 0.90 1.05 1.41
40 0.1k 0.28 0.42 0.57 Ao.73
50 0.01 0.1h 0.21 0.28 0.4e
60 0,00 0.01 0.07 0.21 0.28
70 0.00 0.00 0,01 0.07 0.1k

7 SECRET
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